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A b str a ct

N at u r al 1 an d s c a p e u nit of th e M u - U s S a n d s a r e cl a s sifie d i nt o fo u r typ e s a s hill
,
a cti v e s a n d d u n e

,

fl i e d s a n d d u n e an d m e a d o w ･ P as t o r al u s e i s c o n c e n tr ate d o n m e a d o w . S an d - 血 n e -fi x ati o n pla ntin g

an d w i n d b r e a k tr e e -

pl an ti n g a r e a:p pli e d o n a cti v e s an d d un e a n d o n m e a d o w
,

r e s pe c ti v el y . T h e

d e v el op m e nt of c r o p field a n d th e r e s ults of i nt e n si v e tr e e pl an ti ng w e r e cl e 紅1y r e c o g ni z e d i n s atellite

r e m ot e - s e n s l n g l m a g e S ･ T h e bi o m a s s i n the i b a si n of th e r e s e r v oir w a s m u ch s u pp r e s s e d i n 19 9 3 d u e

to th e d e cli n e of gr o u n d w at e r l e v el . T h e r e is a p o s siblity th at 血 w a s c a u s e d b y th e in c r e a s e of

i mi g ati o n al u s e .

1 . I n tr o d u c ti o n

D e s e rtifi c ad o n h a s b e e n o n e of th e m o st s e ri o u s e n vir o n m e nt al pr ob l e m s i n C h in a . T h e M u
- U s

S a n d s i s w ell kn o w n as a r ep r e s e n t ati v e a r e a w hich h a s l o n g hist o ri e s o f d e s e rti a c ati o n a n d eff o rts of

r e v e g et ati o n ･ T o e v al u at e th e e ff e ct s of d e s e rtific atio n an d r e v eg et ati o n
,
e ff e c ti v e w a y of l an d s c ap e

m o nit o r l n g lS r e q ui r e d .

T his y e a r , th is a r e a i s n oti c e d a s a c a u s e of th e dis c o n ti n u it y of th e Ⅲu a n - H e R i v e r ･ N e w sp ap e r

re p o rt e d t h at th e H u an
- H e Ri v e r c o ul d n ot h a v e r e a c h e d th e s e a f o r a l o n g p e ri o d i n th e s e y e ar s

b e c a tlS e Of t h e l a c k of w at e r
- fl o w ･ T h e r e i s an opi ni o n th a;I r e v eg et ati o n a n d ag ri c d t u r al d e v el o p m e n t

of s e mi -

a ri d r e g l O n in cl u di n g th e M u
- U s S an d s affe ct th e o v e r

-

c o n s u m pti o n o f w at e r r e s o u r c e s of th e

H tl an
- H e R i v e r .

F o r s u st ai n able u s e of th is r eg l O n , e C O
- fu n cti o n al st u di e s w ith la rg e sp ati al s c al e s a r e r eq u e st e d .

I n this p a p e r , 1 an d s c a pe st r u c t u r e an d fu n ctio n of t h e M u - U s S a n d s a r e sh o w n a t fir st ･ h th e l a 臨r h al f

p a rt
,

a cttl al d y n a mi c s of l an d s c ap e i s an al y z e d w i th th e c o m p a ri s o n of t w o s at e nit e i m a g e s i n 1 9 78

a nd 1 9 9 3 .

2
･ L an d s c a p e st ru ct u r e of th e M u - U s S a n d s
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Fig u r e I L a n d s c a pe st ru ct u 托 an d g e ol o gic al b a s e o f th e M u - U s S an d s ･

A c ti v e S a n d D u n e
,

I

Fi x e d S an d D u n e

M e a d o ∇

H ill

B a s e R o c k

G r o u n d w ate r T a bl e

Q u a t e rn a ry D ep o sit

T abl e 1 E c ol ogi c al p r o pe rti e s of th e l a nd s c ap e el e m e n t s of th e M u
- U s S a n d s ･

L a n ds c ap e A r 組 V e g et 血 o n D o mi n a nt

el e m e nt ( b n
2

) p l an l s

S oil

H il1 2 4 0 8 S p a rs e g r a s s e s w ith S t7
-

p a s p p .

h al f - sh ru b s L e s p e d e z a 血 u Ti c a

A T t e 仇isz
'

a 畑 地

T h i n l ay e r o f c h e st n ut

s oil or b r o w n s oil

A cti v e s an d d un e 1 4 4 0 8 B ar e g r o tl n d w ith f e w A g n
'

op hyll u m a n w
l

u m S a n d

p s a m n o p h y t e s

Fi x ed s a Jld dt n e 1 4 5 8 6 S h r u b s an d h alf ･

sh ru b s A T l e m isi a o l d )sic a

wi th g r a s s e s C b T q g W Z a k o rs h in s kiE

S a bi n a v u Eg a ri s

C h e st n ut s oil (t o p s oil)

a nd s a nd ( s u b s oil)

M e ad o w 5 4 4 7 P ¢r e n ni al g r a s s e s C a r a s E e n op h y ll a

P u c cin a lli a te n u ll Dli a

C a 血〝∽g r o s 如 p ∫e u d op h T YZg m lte s

A n e u r olep i diu m Lh L5y StZZ Ch y s

A c h n ath e T u m S P te n d e n s

M e a d o w s oil p a rtly

wi th p e at l ay e r , o r

s ali n e s oil

L a nd s c ap e S oil L iLn d Ris k of L 皿 d u s e

el e m e n t m oist u r e st a bility d e s e rtiflC ati o n

F ill D r y St abl e M e diu m e r o sibility P ast u r e w ith l o w p r o d u c d vit y

A c ti v e s an d d u n e M edi u m w i th q u it e U n st abl e

d ry s u rf a c e 1野e q

S a n d d u n e fL X a ti o n pl a nt l n g

F ix e d s a n d d u n e D r y S t a ble H i gh er o sibilit y C o TIS e r V ati o n

M e ad o w W e t S t a b一e L o w e r o sibilit y , P a st u r e
,
h a y fi eld

,
c r op f L eld

,

hig h ris k of s al i ni z ati o n wi n d br e a k pla n tl n g
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T h e M u - U s S an d s d e v el o p s o n th e O r d o s P h t e a u w hi c h e x t e n d s fl at fo r 4 0
,
0 0 0 k m

2
a [ I h e al tit u d e

of 1 0 00 t o 1 5 0 0 m . It i s sit u at e d in th e e c o t o n e b et w e e n th e t e m pe r at e ari d a n d h u mi d r? g l O n S ･ T h o u gh

th e a v e r ag e of an n u al p r e c IPit ati o n is 3 6 2 孤 ,
n ot s o l o w f o r st ep p e , th e e c o sy ste m i s n o t s tabl e

b e c a u s e of th e l ar g e y e a r -t o
-

y e a r v ari a n c e of cli m ate .

T h e di r e ct o ri gi n of s a n d a c c um u h tio n i s c o n sid e r e d t o b e Q u at e m a r y d e p o sits i n d ry a n d h u mi d

p e ri od s w hi ch w e r e s u p plie d 丘o m w e a th e r e d s an d st o n e o n gl n at ed i n th e M e s o z oi c e r a ･ S u ch s an d y

d e p o sit s c o v e r th e w id e a n d fl at b a si n f o r m e d o n st abl e g e ol ogi c al b a si s ･

H u m a n i m p a ct i s r e c o g mi z e d a s th e m aj o r f a c t o r of d e s e rtifl C ati o n ･ T h o ll gh this a m a b el o n g s t o

p a st o r al r e g 1 0 n
,
S ettl e m 軌t Of fa m e r s h a s b e e n s o m e ti m e s p r o m o t ed in m o d e m hist o r y ･ I n a pp r op ri at e

c ulti v ati o n h ad d e str o y e d v eg et ati o n an d th i n s oil -l ay e r , w hi c h i n vi t ed th e e xt e n si v e w i n d - e r o si o n of

la n d s u rf a c e .

F r o m th e e c ol o gi c al p oi nt o f vi e w , th e t ot al 1 an d s c a pe of th e c t m n t M u - U s S a n d s m ai nly

c o n si st s o f th e foll o w i n g f o u r l an d s c ap e el e m e n ts; hill , m e a d o w , a cti v e s a n d d u n e a n d fix ed s an d

d u n e (Fig .

- 1) ･ E a ch l a nd s c ap e el e m e n t i s ch ar a ct e ri z e d b y it s p hy si c al att d b ut e s a s f ollo w s;

1) C o n diti o n of g e o m o rp h ol o gi c f o r c e ･ 托11 is e r o d e d b y th e h y d r o dy n a mi c f o r c e l S an d d u n e i s

f o r m e d u n d e r th e a e oli an f o r c e . h p a 比1c ul a r , m obili ty of a cti v e s a n d d t n e i s w h oll y c o n tr olle d b y

w i nd c o n diti o n .

2) W at e r s u p ply t o s oil ･ Si n c e th e g r o u n d w at e r l e v el is hi gh at m e a d o w , s oil m oi st u r e is n o t o n ly

s u p pli e d b y p r e c IPit ati o n b ut al s o b y g r o u nd w at e r .
A t hill a n d s an d d u n e

, a s th e g r o u n d w at e r l e v el is

l o w , w at e r s u p ply t o p s a m m op h yt e s an d x e r o p hyt e s is al m o st d u e t o p r e cipit ati o n ･

3) S oil c o m p o siti o n . A cti v e s a n d d u n e i s c o n st ru c te d b y s a n d s wi th r e g ul a r p a rti cl e s . S oil of hill
,

fix e d s a n d d u n e a n d m e a d o w c o n t mi s m o r e o r l e s s 血Ie P a rticle s a s l o e s s d ep o sits an d o rg an i c

p r o d u ct s ･

T h e e c ol o gic al p r o p e rh e s of e a ch el e m e nt a r e s tl mi z e d in T abl e 1 ･ P ri m a ry fa ct o r of h abit at i s

s oil m oi st u r e c o n diti o n . As th e s oil m oist u r e c o n diti o n i s d ry i n bin a n d s a n d d u n e
,
s lユC h h abit at s a r e

o c c u pi e d b y x e r o p hyt e s an d p s am m o p hy t e s ･ h m e ad o w , s oil m oi st u r e i s s o w e t th at th e la n d is

c o v e r e d b y m e si c an d hy d ri c gr a s s e s ･ A p a rt o f m e ad o w w it h s al in e s oil is d o mi n at e d b y h al o p hy t e s ･

S oil f e rtility i s hig h i n m e a d o w
,
th er ef o r e pl an t p r o d u cti vit y i s la r g e . M e ad o w i s th e m aj o r fleld

o f p a st o r al 1i fe an d m o s t hig hly u tiliz e d . T h e p r o d u c ti vity o f g r a s sl an d i s aff e ct e d b y th e c h a n g e s of

gr o u n d w at e r l e v el a n d it s s al imi ty .

Fi x e d s an d d u n e h a s t w o l a y e r s of s o il wi th c o n t r ary p r o p e rti e s . T op s oil i s f e rtile a n d h a s hi gh

w at e r - h oldi n g c ap a ci ty . H o w e v e r
,
its l a y e r i s th i n a n d th e s u b s oil is s o st e ril e ･ Si n c e th e f e rtility of

t o p s oil i s high , fi x e d s a n d d l 皿 e h a s b e e n s o m e ti m e s d e v el o p ed a s fa r mi an d ･ B u t s u c h f a r ml an d h a s

b e e n ab an d o n e d b e c a u s e it s p r o d u ctivi ty q uickly d e c r e a s e d . A b a n d o n ed fi eld o n fix e d s a n d d u n e i s

apt t o b e e r o d e d b y st r o n g w i n d wi th o ut c o v e r s I C o n s e q u e n tly ,
fl X e d s a n d d u n e e a sily c h a ng e s t o

a c ti v e s an d d u n e th r o u gh s u c h d e s e r tific ati o n p r o c e s s e s ･

A cti v e s a n d d u n e i s s u bj e ct ed t o a e olia n f o rc e . Pl an t e st ablish m e n t i s v e ry h a rd d u e t o high

e r o sibility e x c ept s o m e s pe cifi c p s am m op hyt e s
.
E v e n i n a cti v e s an d d u n e

,
if th e wi n d f o r c e w a s
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r e d tl C e d u n d e r s o m e c o n diti o n s , s a n d d u n e fi x ati n g pl an t s s u c h a s A rte m i si a o T d o si c a c o ul d i n v ad e .

D e v el o p m e n t o f pi o n e er pl a n t s p r o m o t e s th e p r o c e s s of s an d d u n e fl Z . ati o ll an d v e g et ati v e s u c c e s si o n .

T h o t 1 gh th e s e p r o c e s s e s
, a C丘v e s a n d d un e c h a Jl g e S t O 血 ed s a n d d u n e .

3 . M e 也o d o f l an d s c ap e c h a n g e m o nit o ri n g w i th s d ellit e d at a

T w o ND Ⅵ i m ag e s o f d l e S O u th -

e a s t e m p ar t o f th e M t 1 - U s S a n d s w e r e p r o d u c e d fr o m th e d at a of

L A ND S A T / M S S (1 9 7 8/8/1 9) an d M O S/ M E S S R (1 99 3r7/1 7) ･ G e o m e tri c r el ati o n ship of t w o i m ag e s

w a s a dj u st e d b y 也e n e a 托St n ei gh b o r r e s am plin g m eth o d . R adi an c e w a s t ra n sf o rm ed fr o m th e digi t al

v al u e of e a ch s at euit e u si n g e a ch i nh e r e n t e q u a ti o n s . ND Ⅵ (n o r m aliz e d dif3e r e ntial v e g et ati o n i nd e x)

w a s c al c u h t e d w ith th e f oll o w h g e q u d i o n;

ND Ⅵ = ( N R - R) / (N I R ＋ R) ,

w h e r e
,
N I R an d R s h o w r adia n c e in O e r e g l O n O f n e ar -i n fr a r e d w a v e a n d r e d w a v e . ND Ⅵ is

c o n sid e r e d t o r ep r e s e n t th e ab u n d a n c e of v e g et atio n .

n e c h an g e s of ND V I i m ag e w e r e c o m p a r ed w ith th e l an d u s e
,

w hi c h w a s id e n tified w ith th e

m ap of
”

N at u r al C o n diti o n a n d l m p r o v e m e n t o f th e M u
- U s S an d y D ist ri ct

'l

p u blis h ed i n 1 98 3 .

4 . h te rp r et ati o n of th e c h a n g e s o fl a n d s c ap e

Fig .

- 2 sh o w s N D Ⅵ i m ag e s o f th e s o u th - e a s te m p a rt of th e M u - U s S an d s i n th e s u l n m e r Of 1 97 8

an d 1 9 9 3 . F r o m th e n o r th a n d w e s t p a r t t o th e c eht e r of e a c h i m a g e
,
th e M u - U s S a n d s i s l ∝ at ed o n

th e O rd o s Pl at e a u ･ H e r e
,
I c all it

''

pl at e a u a r e a
'r

i n a si m pl e w o rd ･ T h e s o u th -

e a st e rn c o m e r of the

fig t w e b el o n g s t o th e l o e s si al di 紐ict w hi c h pr e s e n t s d e e p r elief
,
n am ely th e H u an

- T u (Y ell o w S oil)

Hills . I c al l it
”

1 o e s s a r e a
”

. h th e b o un d ar y of th e m
,
s o m e ri v e r s c ∬ v e v al le y s a n d 凸o w t o w a r d s th e

s o l 血 I e a S t e m di r e c ti o n ･ m e w o rd
,

”

b o u n d a r y a r e a
”

i s u s ed fo r it . Y u - Li n C ity , th e pla c e of l ∝ al

g o v e m n e n t an d th e e c o n o mi c c e n t e r o f th is ar e a , is l o c at ed al o ng th e Y u - Ⅹi - H e R i v e r .

I n this 丘g u r e , d a rk t o n e s h o w s 也e pla c e w i th hi gh N D Ⅵ . T h e plate a u a r e a c o n si st s of v ari o u s

t o n e s o f m o s ai c s ･ C o m p a r e d w i th th e l an d u s e m ap , d a rk t o n e p ar t , d ar k g r ay p a rt an d li gh t g r ay p a rt

al m o st c o r r e ･s p o n d t o th e foll o w l n g l a n d s c ap e mi ts; m e a d o w , fi x e d s an d d u n e a n d a c ti v e s an d d u n e
,

r e s pe cti v ely ･ T h e w hit e p a rt s h o w s th e s u rf a c e o f w at e r ･ T h e b o u n d a ry a r e a i s d o mi n at e d b y li gh t

g r a y p ar ts
,
th at i s

,
a cti v e s an d d u n e ･ R i v e rsid e pl ai n s h o w s th e d ar k t o n e w i th th e stri ki n g c o n t r a st to

a c d v e s a n d d u n e . It s h o w s c r o p fi eld a n d ri p a ri a n v e g et ati o n . T h e l o e s s a r e a i s c ol o r e d w ith g r a y .

Fig .

- 3 s h o w s th e i m ag e of th e c h an g e s o f ND V I fr o m 1 9 7 8 t o 1 9 9 3 . T h e d a rk t o n e sh o w s th e

in c r e a s e o f bi o m a s s
,

w hil e th e li gh t t o n e sh o w s th e d e c r e a s e o f it . I n th is fl g u r e
,
S O m e C h a r a c t eri sti c

sit e w ith sh ar p c h a n g e s c an b e p o i n t ed o u t .

N D V I -i n c r e a s e d pla c e i s o b s e r v e d al o n g th e ri v e r s ･ It ill u st r at e s th at c r o p fi eld h a s e x p an d e d in

this l o c a ti o n ･ T h e 托 打 e O th e r ND V l - h c r e a s e d pla c e s a s Sit e A a n d B in Fig .

- 3 ･ T h e l a n d s c a pe ty p e of

Sit e A b el o n g s t o m e ad o w a n d th e l an d t lS e Of it is d e s c ri b e d a s c r o p field i n th e m ap . T hi s site al s o
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19 7 8
B ai _ H e R e,s e r v ｡i r B a主_ H e R i v e r

Y ll -L i n Y u . X i . H e Ri v e r

5 0k m

N D V I

l o w hi gh

Fig t)r e 2 N D V I i m a g e s o f th e s o tlth - e a S t e m P a rt Of th e M tI - U s S an d s i n th e s t) m m e r o f 1 9 78 a n d

1 9 93 .

Sit e C

Sit e A

(1 97 8 t o 19 9 3)

＋

Sit¢ B

Fig u r e 3 I m a g e of N D V I I Ch a n g e s of th e s o u th - e a s t e m p ar t of th e M u - U s S an d s f r o m 1 9 78 t o 19 9 3 .
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o v e rl ap s w i th th e pla c e s w h e r e t r e e -

pl a n ti n g p r o) e c t w a s i nte n si v ely p r o m o t e d ･

Sit e B c o r r e s p o n d s t o Y u - Li n City a n d it s s u r r o un di n g s . As th e ND Ⅵ of th e c e n t e r of it

d e c r e a s e d
,
it i s c o n si d e r ed th at u rb an i z a ti o n h a s p r o c e ed e d i n th e city ar e a ･ T h e in c r e a s e o f N D V I i n

its s u r r o un di n g s s h o w s t h at 血 m l a Jld an d w i n db r e a k pl a n t in g h a v e b e e n d e v el o p e d n e a r th e city a r e a .

O n th e o th e r h an d , p r o mi n e nt N D Ⅵ - d e cr e a s e d pla c e w a s r e c o g ni z e d i n th e b a si n of 也ら B ai - fi e

R e s e rv oi r (Sit e C) . T h e m o st p ar t of d e g e n e r at ed v e g et ati o n a r o u n d th e B ai - H e R e s e r v oi r i s s ubj e ct e d

t o n at u r al m e a d o w ･ Si n c e pl a n ts i s n at u r al ly i r ri g at e d b y g r o um d w at e r i n m e ad o w , p n m a ry f a c t o r of

this p h e n o m e n o n 占b o uld b e attrib ut e d t o th e d e cli n e o f g r o u n d w a te r l e v el . T h e m et e o r ol o gi c al d at a of

T ai - Y u a n
,
2 8 0k 皿 aP a rt e a s t w a rd fr o m Y u

- Li n
,
s h o w s th at th e p r e cipit ad o n 丘.

o m J u n e t o J uly in 1 9 78

w a s 1 63 n m , w h n e i n 19 93 , th at w a s 6 2 m m L T h at of L a n - Z h o u
,
5 5 0k m ap a rt w e s t w a rd f r o m

Y u - Li n , w a s 19 4 r E 皿 i n 1 9 7 8 an d 9 9 mm i n 1 9 9 3 . C o n s e q u e n tly ,
it is e a s ユy sp e c u h t e d th at th e

pr e cipit ati o n i n th e e a rly s tl m n e r Of 1 9 9 3 w a s m u ch le s s th a n 19 7 8 h e r e . It i s c o n sid e r ed 血at th e

g r o u n d w at e r l e v el is apt t o ch an g e b e c a u s e th e c a tch m e n t o f g r o un d w a t e r i s e n cl o s ed in th e O rd o s

P h t e a u w i th o ut th e eff e c ti v e r e ch ar g e d ar e a
. T h e c h an g e s of p r e c IPit ati o n a r e s up p o s e d t o a ff e ct th e

g r o u n d w a t e r l e v el h e r e I

H o w e v e r
,
th e d e cli n e of it is p a r°y d u e t o an an th r op o g e ni c f a c t o r

, b e c a u s e th e d e c r e a s e o f N D Ⅵ

w a s e mi n e n t
,
c o m p a r e d w ith o th e r m e a d o w s ･ As m 8 n ti o n e d ab o v e

,
ag ri c ultt n al d e v el o p m e n t a n d t r e e

pl an t in g h a v e b e e n p r o m ot ed d o wn - st r e am al o n g th e B ai - H e R i v e r . S u c h d e v el o p m e nt sh o uld

in c r e a s e 也e c o n s u m p ti o n o f w at e r r e s o u r c e of th e B ai - H e R e s e r v oi r; a s a r e s ult
,
th e g r o u n d w ate r

t able of th e b a si n mi gh t p a r d c ula rly fall d o w n .

5 . C o n cl u si o n

T h e i n c r e a s e of ND Ⅵ w a s m o s t o b vi o u s a t 也e pla c e s w h e r e h u m a n a ctivi ty d o mi n at e s . It sh o uld

b e a:pp r e ci at e d th at h u m an effo rt s h a v e op e r at e d w ell a s a p r o m o ti n g f o r c e of r e v e g e t ati o n i n this

r e gi o n . N e v e rth el e s s , th e r e is a
_
p o s sibili ty th at s u ch d e v el op m e n t al s o p r o m o t ed th e d e cli n e o f w ate r

r e s o u r c e s a s s h o w n i n th e B ai - Ⅱe R e s e rv oir . A g ri c ultd d d e v el o p m e n t a n d m an
-

m ad e r e v eg et ati o n

oft e n h a v e b o th sid e s of effe ct in s e mi -

a ri d a r e a ･ T o s e c u r e s u s t ai n abl e d e v el op m e n t , fu rt h e r

q u a n ti t ati v e r e s e ar ch e s a r e r e q ui r e d in th e styl e of i nt e r
-di s cip h a ry st u d y a m o n g e c ol o g y , h y d r ol o g y ,

m e t e o r ol o g y a n d r el at e d fi eld s I

6 ,
R e f e r e n c e s

D e p a rt m e nt o f G e o g r ap h y , P e ki n g U mi v e r sity et d . (1 9 8 3) T h e N a h i r al C o n diti o n a y ui th e

I m p r o v e m e n t of th e M u - U s S a n d y D i st n

'

ct ･ S ci e n c e P r e s s
,
P e ki n g (i n C hi n e s e) .

K ob ay a s hi , T ･ (1 9 9 0)
”

0 ri gin a nd la n d cl a s sific ati o n o f th e M u - U s S a n d s
,

C hi n a
”

,

l a p . J . R e v e g e t ･ T e c h ･ , V ol t 1 5 , p p 14 3 -5 7 (in J ap a n e s e) .
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